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Absirac{
l’lan rccofyit ion and a~enl model ing  twllniques arc poicnlially useful for
intclli~cn{  tu[orin~, but arr diffimllt t o  (mlploy in practice. 1 lowm7C’r, I)lan
recogniti(m tcchlliqucs  frequently make ri};id assumptions about the stuclmt’s
]>l;ans,  and invest substantial effort to infer unobservable  properties  of the
Sludcnt. “J’lIc pedagogical hmcfits of plal] ]-cco:,nition analysis are not always
oh’ious. WcI claim that lllesc difficllltim  C[III k’ ovm come if grmt(’r at [(’ll(ion is
paid to the si{ualional  context of the sluclmlt)s  aclivity, allcl the p(dag{)fiical tasks
\\’hich plan recognition is intcndd t{) supper-l. ‘J ‘his paper ciescribcs an approach
{c) })la]l rccc)gnilion  called sill~ald }jln}l flllriblliio}] that takes these facl(m into
accollnt. Situaicd plan a{lribuiion inicrpr~’ts Ix)th the student’s aclions and the
cnvironmmt  in which tlw slLIclent  is sit ua ted. 1 t devotes varyins  amounts of
effort to the interpretaticm  process, ft)cusi]lfi the greatest cfforl  on interpreting
il}ljmssc ?miflts, i.e., poinis ]~’here the the student encounters some difficulty
complctinp, the task. Cofinitivc mode]iny, studies have iIlclicatecl  tha( tutorial
interaction maxilnal]y effcclivc  at impasso points, “J ‘his approach has bwm
in)plm~cmld  a]~d cvaluatd  in the context of lIIC 1{11 ACrJ’ tutor, a trainer for
o]x’raters of ckwp space co]]l]llll]]icaiiol)s”  st i] lions.

“J ‘epic areas:  colll})~ltc}r-aiciecl  ducat ion, p]al~ recc)~niti(m,  cqyit  ivc modeling
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Situa{d Plan A{tribu{ion  for lnidligcmt  ‘1 ‘uioring

~ ‘hpic  arms:  compuler-aidd Cducatioll,  plan recognition, coppi iivc modeling

1. lntrodudion

l’lan rccogyilion and a:, pi n~oclc’ling  capabilities arc valuable for
intclligml  tulorin~ (Corbel 1 c1 al., 1990, ]ohnson,l  CM), as well as other areas
sLIch  as natural langua~c  processin~  (C’llar]lial<&(;ol~i]lla]l  199] ), expert
consultation (C’alistri  1990), and tactical decision making (A~arcwicx  cl al.,
] ~~~), ] ]~~w~\7~r , such capabilities arr difficult tc) implcmcmt and emp]oy
cffcclive]y,  for the followins  reasons. l’lan recogniti{m techniques can be
risid-- they assunw the agmt is follolvin~: a knoi~’n  pltan slc’p by step, and ha~’c
difficulty interpreting clmialions from tl~LJ plan. 1 ‘lIG moctcling process can be



2. Motivation for Approach

‘lhc objective of situated plan atlributim  is to inform and :uide the tlltoril]s
process .  We believe  that plan rccop,nition  systems can and shoLIld  be
c~]>tin~iwd  to sIIppoIt  their intended  use. Accordi Ilgly, our tccl~niq~le a}>p]ics
greatest analysis effort 10 intcr}>reting sitLlations  Jvherc the student mifiht
bmdit from interactions li’i th the t utorill~ system. 1 ,ess effort is dc\70td  to
plan recognition u’hm tLltorial  intmaction is not justifid (m pcda~osical
~rounLds.  our s[ance is consistent wit]) that of (Self 1 990), who argues that to
make s t u d e n t  modclins traclablc onc 111 LISt f{)CUS 011  l’(Xlli  Sti C, llSC’fU]
(hjcclivm.

‘1 ‘hcsc tLltorial interaction points arc kI~ow7n  as i}}l~~flssc  ~w>i}~ts. An im}>asse
is defined in this work to bLI an obstacl[’  to problem solving that msul ts from
either  a lack of knowledge or from incc)]rcct knowldge (1 lill, “1993; ]Irown
&\/anl  ,cIhn, 1980; Van] ,chn,  1 %2, 1983).  ~’ognitil~c~  mocleli]lg stuclics sLIggcst
that such impasse points are natural learning opportunities (1 lill,  1993;
\~anl ,chn,  1988; 1 li]l&]ohnson,  1993a,b). WheI  1 the stLIdcmi  is at an impasse,
hc cm she naturally swks  information that can be LISd to overcome the
impasse and cmtinuc  lhc task. lnfor]nalion  ofl’crd by the tutor at such
points is readily acccytcd and assimilated, A tutor that is smsitive  to such



3



.

4. Hxampk’  Pmblc’m

as collfi~uring  and ca]ibratinp, a set of collll]lLlllicati[)lls  devices, establishing a
link to a spacecraft, recorclin~ data from the spacecraft, and transfmvins the
recorded cdata to a ccnltro]  center. “J’hesc tasks illvo]vc smdin~  commancls
asynchronously 17ia a computer tcrmilla] over a local area nct~i70rk  to the
devices. Slalldill’d command sequences for each type of mission are defined
by pmcdum  manuals. “1 ‘11(’ devices i nit ial]y respond to each commancl vvith
an indication of ]\7hcthcr  the command is acccpld or rcjecld;  if acccpid, the
dm’ices  require’  lime 10 change state.

==———..—.———  ..—.  . . .. —-. ———  —.. — .—. -..——— —_. -.— ~ -. —.... .-— —
Configure!-[)SP

——.. -.— .._—
Cotler6ncx”36ti-”--”---  ‘–” ‘—”—_——..—_ . . _ .  ..—

C o m m a n d  — Desmjpt  ion-. .—-——... .— Chnlmand
N 1 C)AL) x 1 ‘—--”’” ‘b;ii&=CiS-fi~~-  ‘-- “

..- —.— —. r)=we!!!!’u...-–  -..-...————
N[’CC;  xl set NPC(S n)ocie

NRME [)x1 sclczt-rmordcr NFIUN xl run NCH pro(gram
SA1 Xl S-band attenuation Nr)l[ xl
XA1 Xl

enatie [)1 [
X-band attenuation NFF “1 Xl errablo NF F “1

N -FOP X7 X2 sot  temperature

C)F S-l X7 set  off sot tirno.———. .— - - ..-. .-—
1 ‘igurc 1:1 ~xamplc 1 ‘rocdtlrcs

——
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‘Commands / Responses
-.. .- —- ———.. ——_. ___ . . . . . ..————. —.... —
> N1OA[)JK
> CC)MF’1 [El E [).
> NF{MF[)  1 [)0
> I{EJE Cl[ E). 1 DO [) ISAE!l F E)

>L[)o  E
> COMP1[-l  E D. L[)O: ON1 N
> NRME D L[)O
> COMF’1 F ‘1 f [).
> SA1 55
> COvlf’L F ‘1 E [),
>XA1 13
> CC)M[’1 E 1 E [).
> N-I C)F’ 20,030,0
> COMP1 E 1 E D.
> NF’CC+ MAN
> CC) MI’l E lt [),

> OF S1 2,”7
> COMPLE 1 E [).
> NF{UN COl [)
> COMF’LE “1 [ [).

> N[)l E E
> COMF’LF ‘1 E [),
>Nffl E
> COMF’1 F “I [ [). .—__.~QeJ

Fl[ A~l’s F xplanation
—.— ..— —

‘1 hc NRMf  [) command failed Ewcause  one, of
i ts promncjitions was  unsatisfiecl:  L[)o SIIOUICI
be i n  the C)N1 IN[ m o d e  instoaci o f  the
C)f F I IN[ rnoclo, 10 resolve  the i m p a s s e ,
issue tho cc,mnland:  L[)O E
then
Issue the! command: NRME [) 1 [)0

YC>U starli!d the Coherence-lest procc)dure  be-
Iorr you finist-rect ttl~ Configure-[)SP prcmdure.
ISSUC tile Command: C)l S1 <>

You failecl to achieve  one of Itle goals of th~
Con fi~gurc-[)SP  procc!dure:  SA1 = 12,
ISSLIG tl)e  commanci:  Nl[)l[ f{E C
.hc!n
Issue tile commancj:  SA1 12

.. —.. ——
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.5. Situated P]an Attribution
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● perceive-object
● rc!cofl nizc~-cl c!sircd-res~llts
●  recogniz~-undes ired-resulk / rc:solve-goal-fa  illire-in)passe

resolve,-action- constraint-) nymsse

fmaly2e-action- pvaluate-plan
~ sQcI rls_g ~roblms[m~
~~bl~rr] space

pkln-opmaic,r (e.g. sel.wt-recofg’c!f)

1 ~igure 3: 1<1 !A(’rl “s 1 ‘rol)lcm Space 1 licrarcl~y
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6. Evaluation

A  pi]ot slLIdy  \47as  condLIcld  t o  c’va]uate  I<llAC’’I’,  b o t h  in tL’rms  o f  its

ability to recogyiz,c and Cxplical(j  impasses and its ability to abet studwts’
learning, 1 ‘he study had seven st udmts  who }~’we dividec] into lI\70  groL~ps.

GroL~p 1‘s st udmts  were [Lltord  by 1{1  AVI’ while  they  pmformd  a s s i g n e d

t a s k s  orI a  s imulator ,  and  (houp 11’s studmis  p e r f o r m e d  the i d e n t i c a l  t a s k s
\&,i{]lc)L1{  ]<];A~’’I’, l’w-lests  i n d i c a t e d  that the two g r o u p s  had r o u g h l y  the
same skill  level a t  the  beginning of  the st~Idy. ‘1 ‘IIC tasks were configured so
tha{ ccrlain types of action constraint ancl goal failure impasses woLIld  OccL~r
if the stLIclwIt  was not  eqx’rimed, which was the case with both ~roups. ‘1 ‘lw
resulls of the (waluation  indicatd a si~llificant ~diffmmce in the amount of
time it took 10 acquire ski]] al ilnpassc points. While both groups acquired
the same a m o u n t  of skill in cam UT1lCVC  thmc t\7as  an action c o n s t r a i n t
violation, the studmts  in Group 1 (vvit  11 RllAC”l’) resolved the impasses and
acq Llircd the n(w knolvlcdgc a]>]>roxilll{ltc’1}~  ten time’s faster than the stLldmts
in <;roLlp 11. 1 ,ikm.visu,  the students ill Group 1 ]vcre less prone t o  making



OLlr mclhod is flexible enough  to rcco~nizc  when a ‘situation lvarranis  an
action that is 1101 specified by a plan. I ,ikm7isc, it recognizes MThcm an action
spccifieci by a plan is not situationally a]~propriate,

Situated plan atlribLltion also acicir~~sscs  the issues of Lllldercc)llslraillecfl
an(d LlllfocLlscll  modc]inp, in that it c(~ncL’lllralm  on recogniy,  in~ stL~cimts’
im]>asse points rather than trying io Sellcrate or Llndcvs[and  the mental slates
that led 10 a particular ac[ion. impasse }mints arc natura]  places 10 tutor, ami
the amount of processing required to recognize anti explicate lhcI impasses M~e
ha~7e defined is reasonable,
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